unpredicted role of IRF8 in myelopoiesis; Irf8 −/− mice spontaneously develop a chronic myeloid leukemia (CML)-like disease that is characterized by the systemic expansion of neutrophils followed by fatal blast crisis [7] . In addition, Irf8 −/− mice are defective in the production of interleukin-12 (IL-12) and IFNγ and are susceptible to various infections [4, 7] . Although IRF8 also regulates B cell development and innate immune responses [2, 8] , this review focuses on the role of IRF8 in the development of myeloid cells and related diseases.
IRF8 expression in hematopoietic cell populations
Comprehensive analyses of IRF8 protein expression on a per cell basis in various hematopoietic cell populations [9, 10] were recently performed using IRF8-GFP chimera knock-in mice (Irf8
Irf8Gfp/WT
) or intracellular immunostaining of IRF8 in mouse cells [11, 12] . IRF8 protein expression is almost absent in hematopoietic stem cells (HSCs), multipotent progenitors, and lymphoid-primed multipotent progenitors (LMPPs) (Fig. 2a) . Graded expression levels of IRF8 are detected in common myeloid progenitors (CMPs) and granulocyte-monocyte progenitors (GMPs) when conventional surface markers are used. However, closer inspection has revealed that the IRF8 neg fraction of CMPs and the IRF8 int fraction of GMPs probably correspond to the "true" CMPs and GMPs, respectively [11, 12] .
Megakaryocyte-erythroid progenitors (MEPs) are negative for IRF8 expression.
High IRF8 expression is observed in the mononuclear phagocyte (i.e., monocyte/macrophage and dendritic cell [DC] ) lineage (Fig. 2a) . Monocyte-DC progenitors (MDPs), common monocyte progenitors (cMoPs) [13] , common DC progenitors (CDPs), CD115
-CDPs [plasmacytoid DC (pDC)-biased progenitors] [14] , and pre-classical DCs (pre-cDCs) all highly and homogenously express IRF8. Notably, the IRF8 hi subpopulations in "crude" CMPs and GMPs are likely to be mostly MDPs. Monocytes . Granulocyte progenitors (GPs) [16] are IRF8 lo , whereas their progenies (i.e., granulocytes such as neutrophils, eosinophils, and basophils) and mast cells do not express IRF8 [17] (Fig. 3) . Common lymphoid progenitors (CLPs) also express graded levels of IRF8 [12] . B cells-but not T cells unless stimulated-express IRF8. The IRF8 expression profiles largely correlate at the protein and transcript levels [18, 19] .
Overall, IRF8 expression begins when progenitor cells become committed to the myeloid lineage without MEP potential and further increases when the cells progress to the mononuclear phagocyte lineage, but declines upon granulocytic differentiation.
IRF8-regulated development of monocytes and related cells

It was initially thought that Irf8
−/− mice develop immunodeficiency and CML-like disease because IRF8 regulates Mϕ function and myeloid cell growth, respectively. However, a subsequent study by Scheller et al. [20] suggested not only the intrinsic leukemogenic potential and long-term reconstitution capability of Irf8 −/− progenitors, but also the role of IRF8 in the balanced generation of several myeloid cell compartments; whereas Irf8 −/− progenitors are hyperresponsive to granulocyte-Mϕ colony-stimulating factor (GM-CSF) and granulocyte colony-stimulating factor (G-CSF), their response to Mϕ colony-stimulating factor (M-CSF) is significantly reduced. Moreover, Irf8 −/− colonies formed in the presence of M-CSF are mostly granulocytes. Direct evidence that IRF8 regulates hematopoietic cell differentiation was then provided by Tamura et al. who reported that reintroducing IRF8 into Irf8 −/− myeloid progenitor cell lines or freshly isolated bone marrow progenitor cells directs these cells to differentiate into functional, G 0/1 -arrested mature monocytes/Mϕs [21, 22] . Both intact DBD and IAD of IRF8 are required to induce monocyte-related genes, such as those that encode cystatin C and cathepsins, via the IRF8-PU.1 composite elements EICE and IECS [23] .
We recently found a more precise role of IRF8 in monocyte development (Fig. 2a) . Irf8 −/− mice almost completely lack Ly6C
+ inflammatory monocytes, and the number of Ly6C − patrolling monocytes is also reduced approximately by half in Irf8 −/− mice [5] . Close investigations of progenitor cell populations have revealed that the monocyte progenitors-i.e., MDPs and cMoPs-are not missing, but instead accumulate in Irf8 −/− mice [5, 11, 19] . In vivo cell transfer experiments show that Irf8 −/− MDPs and cMoPs are incapable of efficiently producing monocytes [11] . Thus, one of the stages where differentiation arrest occurs in Irf8 −/− mice is between cMoPs and monocytes. Notably, these data argue against the general notion that Ly6C − monocytes arise from Ly6C + monocytes. Importantly, Gros, Cassanova, Collins, and colleagues found that the homozygous IRF8 K108E mutation in humans also causes a complete lack of circulating monocytes [24] .
Recent findings have also begun to reveal the transcription factor network and epigenetic changes governed by IRF8 during myeloid cell development. Chromatin immunoprecipitation with massively parallel DNA sequencing for IRF8 binding and histone modifications during IRF8-dependent in vitro monocyte differentiation have revealed that IRF8 binding occurs mostly (~80 %) at the promoterdistal regions [5] . IRF8 recognizes EICE and at a lesser frequency IECS, recruits PU.1, and promotes histone modifications characteristic of enhancers [e.g., histone H3 lysine 4 monomethylation (H3K4me1)] (Fig. 2b) . Accordingly, IRF8 acts mainly as an activator during monocyte differentiation. Furthermore, Krüppel-like factor-4 (KLF4), which is essential for the development of Ly6C + monocytes [25] , was identified as a critical transcription factor that mediates the induction of "indirect" IRF8 target genes [5] . progenitor cell line induces a subset of IRF8 target genes and thereby, partial monocyte differentiation. The KLF4-dependent IRF8 target genes are preferentially related to the basic functions of monocytes, such as inflammatory response, chemotaxis, and locomotion, while the KLF4-independent IRF8 target genes are significantly related to more advanced functions, especially antigen presentation. Indeed, IRF8 directly binds to and upregulates multiple genes that encode MHC II and the invariant chain (CD74) [5, 26] . Taken together, the evidence indicates that IRF8 cooperates with PU.1 to promote the formation of enhancers to induce various monocyte-related genes, including Klf4, and that the IRF8-KLF4 transcription factor cascade is essential for monocyte development.
Of note, growing evidence shows that tissue-resident Mϕs develop from yolk sac Mϕs and/or fetal definitive HSCs in embryos and are maintained in adult tissues, whereas adult HSC-derived monocytes make a negligible contribution in a steady state [27] . Nevertheless, IRF8 appears to be involved in tissue-resident Mϕ development as well. The number of bone marrow resident Mϕs in Irf8 −/− mice is significantly lower [28] . Even though Irf8 −/− mice display only a modest decrease in splenic red pulp Mϕs, the loss of both IRF8 and structurally related IRF4 causes a significant decrease in these cells.
In a study that reported the crucial role of IRF8 in microglia activation, the expression of the microglia marker Iba1 (AIF1) was found to be diminished in Irf8 −/− spinal cords [29] . However, by using CD11b as an alternative marker, the authors have revealed that the numbers of microglia in adult Irf8 −/− mice are comparable to those in wild-type mice. Another paper demonstrated that IRF8 is required for the development of mature yolk sac Mϕs (which are microglia progenitors) and suggested the reduction of Iba1 + microglia density in Irf8 −/− embryos [30] . Using Iba1 as a microglia marker in Irf8 −/− mice is debatable, because Aif1 is probably a direct target gene of IRF8 [5, 29] . At the same time, however, these findings imply the involvement of IRF8 in microgliogenesis.
Interestingly, Irf8 −/− mice harbor a high number of osteoclasts and develop osteoporosis [31] . IRF8 suppresses osteoclastogenesis by inhibiting the function and expression of NFATc1, and IRF8 expression is downregulated during receptor activator of NF-κB ligand (RANKL)-induced osteoclast differentiation. It seems reasonable to speculate that the increase in MDPs and cMoPs in Irf8 −/− bone marrow also contributes to the enhanced generation of osteoclasts.
It has been proposed that LCs should be classified as Mϕs rather than DCs based on their ontogeny [32] . Although the number of LCs was initially reported to be modestly reduced in Irf8 −/− mice [33] , subsequent studies on Irf8 −/− and Itgax cre Irf8 fl/fl mice [34] and humans with IRF8 mutations [24] report that IRF8 is not required to generate LCs.
Regulation of DC development by IRF8
IRF8 is also essential for the development of DCs. The numbers of pDCs and CD8α + cDCs in lymphoid organs and of CD103 + cDCs in non-lymphoid organs are severely diminished in Irf8 −/− mice [35] [36] [37] [38] [39] (Fig. 2a) . pDCs produce a large amount of type I IFNs upon infection, whereas CD8α + cDCs and CD103 + cDCs induce cytotoxic T lymphocytes via cross-presentation and promote cellular immunity by producing IL-12. Accordingly, Irf8 −/− mice are immunodeficient. In humans, the homozygous IRF8 K108E mutation causes the complete lack of circulating DCs and severe immunodeficiency, while the heterozygous IRF8 T80A mutation is associated with the selective loss of CD11c + CD1c + circulating cDCs and milder immunodeficiency [24] . Both K108E and T80A mutations inhibit the DNA-binding activity of IRF8. Therefore, the overall importance of IRF8 in the development of DCs is shared between species. However, because CD11c + CD1c + cDCs are the human equivalent of mouse CD8α
− cDCs, some species-specific differences are also conceivable.
At the progenitor level, Irf8 −/− mice accumulate MDPs but lack CDPs, CD115 − CDPs, and pre-cDCs [11, 19, 40] . Thus, differentiation arrest occurs between MDPs and CDPs. Interestingly, however, CD4
+ cDCs still develop in Irf8 −/− mice [23, 41] . This implies the possibility that a pathway independent of CDPs and pre-cDCs can generate CD4
+ cDCs in the absence of IRF8. Alternatively, Irf8
−/− mice may harbor CDP-and pre-cDC-like cells on which surface marker expression is altered. Recent studies have begun to uncover the transcription factor network that underpins the role of IRF8 in DC development. BXH2 mice carry a point mutation in IRF8 (R294C) that impairs its ability to form heterodimers with PU.1 on EICE [42] . In these mice, the development of CD8α
+ cDCs is abolished, while the number of pDCs remains normal. Because PU.1 is required for the development of all DC subsets, one could speculate that insufficient IRF8 R294C -PU.1 interaction accounts for the lack of CD8α
+ cDCs in BXH2 mice. IRF8 also interacts with BATFs [6] , and Batf3 −/− mice lack CD8α + cDCs [43] . Murphy and colleagues demonstrated the importance of the IRF8-BATF interaction by showing that CD8α
+ cDCs develop even in Batf3 −/− mice during infection due to the compensatory actions of other related BATFs (e.g., BATF and BATF2) [6] . Id2 is another transcription factor essential for generating CD8α + cDCs [44] . Studies using the Irf8 −/− DC progenitor cell line and Id2-IRES-GFP reporter mice reported that IRF8 induces Id2 and then Batf3, and that BATF3 and Id2 have a synergistic effect on IRF8-directed CD8α + cDC development [45, 46] . Importantly, it was recently reported that IRF8 regulates the formation of pDC (Flt3L-induced DC)-specific enhancers [47] . Moreover, IRF8 inhibits Cebpb expression and vice versa, thereby forming a negative feedback loop. C/EBPβ promotes the formation of monocyte-derived (GM-CSF-induced) DCspecific enhancers [47] .
Notably, while IRF8 is essential for the development of CD8α + cDCs and CD103 + cDCs, IRF4 is required for the development of CD4 + cDCs [38, 48] . The development of CD8α − CD4 − (double negative, DN) cDCs requires at least one of the two IRFs [38] . While IRF8 and IRF4 share overlapping activities in the induction of genes common for all cDCs such as Ciita, each IRF possesses a distinct activity in the stimulation of subset-specific gene expression, e.g., Itgae by IRF8 and Mmp12 by IRF4, thereby leading to the generation of functionally divergent DCs [38] . Thus, the shared and specific activities of IRF8 and IRF4 govern the diversity of DCs.
As mentioned above, BXH2 mice retain pDCs. How do pDCs develop in BXH2 mice despite the fact that IRF8 R294C only poorly interacts with PU.1? An intriguing possibility is that IRF8 R294C retains an ability to interact with other unknown partner protein(s) to support pDC development.
Regulation of neutrophil development by IRF8
Cell lineage selection requires not only the stimulation of the gene expression program that promotes a certain cell lineage, but also suppression of the programs for other lineages. As described above, IRF8 promotes the development of monocytes and DCs. On the other hand, IRF8 inhibits neutrophil development, and Irf8 −/− mice exhibit severe neutrophilia [7, [20] [21] [22] . A human patient carrying a homozygous IRF8 K108E mutation also suffers from extreme neutrophilia [24] .
We recently studied the differentiation stage at which IRF8 inhibits neutrophil differentiation in mice [11] . As mentioned above, Irf8 −/− MDPs and cMoPs accumulate but fail to efficiently generate monocytes and DCs. What, then, is the fate of these progenitor cells? It has turned out that these Irf8 −/− mononuclear phagocyte progenitors aberrantly give rise to a large number of neutrophils both in vivo and in vitro (Fig. 2a) . Thus, IRF8 is essential not only for bestowing DC and monocyte differentiation potential upon MDPs and cMoPs, respectively, but also for restraining these progenitors from differentiating into neutrophils. These results explain why Irf8 −/− progenitors generate neutrophils even in the presence of M-CSF [20, 22] ; MDPs and cMoPs are the M-CSFR-expressing progenitor populations within Lin − cells. We infer that the production of neutrophils from MDPs and cMoPs is a major cause of neutrophilia in Irf8 −/− mice, because these progenitors are the first populations at which IRF8 is highly expressed in the myeloid lineage. It should be mentioned that all lymphoid progenitors (ALPs) from Irf8 −/− mice can also produce neutrophils [40] , and the differentiation potential of Irf8
GPs is biased toward neutrophils [17] . Hence, Irf8 −/− ALPs and GPs are also likely to contribute to neutrophilia.
We have also reported an underlying mechanism for IRF8-mediated inhibition of neutrophil production. IRF8 directly interacts with C/EBPα, the transcription factor known to promote neutrophil differentiation, in MDPs and cMoPs [11] . This interaction occurs through their DBDs. By doing so, IRF8 inhibits the chromatin binding and transactivation activities of C/EBPα, thereby blocking C/EBPα-induced neutrophil differentiation (Fig. 2c) . Thus, Irf8 −/− MDPs and cMoPs give rise to massive numbers of neutrophils due to the derepression of C/EBPα activity (Figs. 2a, c, 3) . Indeed, the partial inhibition of C/EBP activity in Irf8 −/− hematopoietic progenitors alleviates in vivo neutrophil overproduction. A more recent study from our laboratory suggests that another mechanism in GPs also exists [17] , in which the transcription factor GATA2 acts downstream of IRF8 in GPs to limit their neutrophil differentiation potential (see the next section).
Regulation of eosinophil, basophil, and mast cell development by IRF8
Whereas IRF8 inhibits neutrophil differentiation, it promotes the generation of other types of granulocytes (e.g., eosinophils and basophils) and mast cells (Fig. 3) . Irf8 −/− mice exhibit a decrease in eosinophils under physiological conditions and fail to induce eosinophilia following parasite infection despite a vigorous IL-5 response [49] . This is attributed to the reduced number and impaired differentiation potential of eosinophil lineage-committed progenitors (EoPs) in Irf8 −/− mice. Moreover, the expression of Gata1, a transcription factor gene crucial for eosinophil development, is reduced in Irf8 −/− EoPs [49] . More recently, we found that Irf8 −/− mice are basophil deficient [17] . Basophils are the least common granulocytes circulating in peripheral blood, but their critical roles in Th2-type immunity and allergic disorders have been recently clarified. Irf8 −/− mice exhibit severely reduced basophil counts. At the progenitor level, Irf8 −/− mice retain normal numbers of bone marrow GPs and splenic basophil/mast cell progenitors (BMCPs; [9] ), but lack bone marrow pre-basophil and mast cell progenitor (pre-BMPs; [50] ). BMCPs were originally identified as bipotential progenitors, but recent studies have shown that they give rise mostly to mast cells. Hence, the lack of basophils is explained by differentiation arrest between the GP stage and the pre-BMP stage in the bone marrow. Given that IRF8 is expressed in GPs but not their downstream populations, IRF8 appears to function in GPs. We found that Gata2, which encodes a transcription factor known to promote basophil differentiation, is induced by IRF8 in GPs and crucially acts downstream of IRF8 (Fig. 3) [17] .
The complete blood count of a human patient with the homozygous IRF8 K108E mutation showed a lack of basophils, but no reduction in eosinophils [24] . The reason for the latter finding is unknown, but one possibility is that IRF8 promotes eosinophil development independently of its DNA-binding activity.
IRF8's role in mast cell development is somewhat complicated [17] . Irf8 −/− mice exhibit severe reductions in bone marrow pre-BMPs and MCPs, but retain normal numbers of splenic BMCPs, peripheral tissue MCPs, and mast cells. Nevertheless, the remaining progenitors from Irf8 −/− mice, including GPs and BMCPs, demonstrate a reduced differentiation potential toward basophils and mast cells, which is at least partially rescued by GATA2. Then, the question remains, how are Irf8 −/− peripheral tissue MCPs and mast cells generated? Although not experimentally proven, because mast cells can proliferate in peripheral tissues and are long-lived, a small number of MCPs and/or mast cells that are initially derived from Irf8 −/− BMCPs or residual pre-BMPs may proliferate and eventually reach normal levels. In addition, because IgE is known to enhance mast cell proliferation and survival, extremely high levels of IgE in Irf8 −/− mice (which can be 70 times higher than the levels in wild-type mice) may enhance the generation of peripheral tissue MCPs and mast cells, both of which express FcεRIα.
Regulation of IRF8 expression
As the critical roles of IRF8 are further revealed, our understanding of the regulatory mechanisms of IRF8 expression becomes increasingly important. Although the induction of Irf8 gene expression by IFNγ via the IFNγ-activated sequence at the promoter region has previously been described in detail [1, 51] , knowledge about how IRF8 expression is controlled during myeloid cell development remains limited.
Recently, Rosenbauer and colleagues reported that a high PU.1 level directs chromatin structure remodeling at the Irf8 gene to activate Irf8 transcription in MDPs [19] . By using transgenic mouse lines harboring several copies of the phage artificial chromosome (PAC) sequence-which contains the Irf8 gene fused to the internal ribosome entry site (IRES)-YFP-these authors identified a cis-regulatory element that significantly contributes to the upregulation of Irf8 transcription in MDPs-but not in pDCs or B cells. This region is located 50-kb upstream of the Irf8 transcription start site, contains PU.1-binding sites, and requires PU.1 to activate transcription. Moreover, the −50-kb region forms a chromatin looping with the Irf8 promoter in MDPs. Wnt/β-catenin signaling was recently shown to target the Irf8 promoter and promote Irf8 expression in DCs [52] . In pDCs, TCF4/E2-2, which is a transcription factor essential for pDC development, directly induces Irf8 [53] .
Several factors that repress Irf8 have been also reported, including STAT5 [54] , C/EBPβ [47] , GATA1 [55] , WT1 [56] , and BCR-ABL (see below). Interestingly, a recent study reported that myeloid-derived suppressor cells (MDSCs) develop by attenuating IRF8 expression via STAT3 and STAT5 [57] .
Tumor-suppressing role of IRF8 and its relevance to CML
As already mentioned, Irf8
−/− mice develop a CML-like disease [7] . Moreover, IRF8 expression is severely reduced in CML patients and in model mice [58, 59] and the response to IFNα therapy correlates with IRF8 expression [60] , suggesting the involvement of IRF8 in the pathogenesis of human CML. IRF8 inhibits myeloid cell proliferation and promotes apoptosis [20, 21, [61] [62] [63] [64] . Moreover, Irf8
progenitors possess an intrinsic leukemogenic potential and long-term reconstitution capabilities [20] . IRF8 deficiency synergizes with the oncogenes, such as AML1-ETO, NUP98-TOP1, and Meis1/3, to induce myeloblastic transformation [65] [66] [67] . Furthermore, forced IRF8 coexpression overcomes the in vitro mitogenic and anti-apoptotic activities of BCR-ABL-which is the causal oncoprotein for CML [62, 64] -and inhibits BCR-ABL-induced mouse myeloproliferative disorder in vivo [59] . While the chronic phase of CML-like disease occurs in Irf8 −/− mice very rapidly with 100 % penetrance, the transition to blast crisis occurs only after long latency at ~33 % (the original report [7] ) or much lower frequency (data from our laboratory). Hence, IRF8 loss is a prerequisite, but not sufficient for malignant transformation, and requires additional genetic and/or environmental cues. Recently, cross talk between β-catenin and IRF8 was identified [68] . Preleukemic myeloproliferation in Irf8 −/− mice requires β-catenin, whereas a genetic alteration causing constitutive β-catenin activation in Irf8 −/− mice leads to the progression to blast crisis. Interestingly, activated β-catenin induces Irf8 expression [52, 68] , whereas IRF8 downregulates β-catenin expression [68, 69] , suggesting that IRF8 is a roadblock for β-catenin-driven leukemogenesis [68] . Importantly, BCR-ABL activates Wnt/β-catenin signaling and inhibits IRF8 expression. In fact, the disease progression in human CML coincides with the enhanced dysregulation of the two pathways.
As described above, accumulating evidence suggests that IRF8 has cell-intrinsic anti-leukemic activity and that there is an antagonistic relationship between BCR-ABL and IRF8. However, IRF8 appears to exert its anti-leukemic activity also by modulating immunity. The coexpression of IRF8 in a BCR-ABL-transformed mouse pro-B cell line induces a CD8 + cytotoxic T cell response that prevents the in vivo establishment of leukemia in a CCL6-and CCL9-dependent manner [70, 71] . Indeed, it has long been suggested that CML is highly sensitive to T cell-mediated tumor immunity. Given that IRF8 is essential for the development of DCs, another intriguing possibility is the antagonistic relationship between IRF8 and BCR-ABL in DC biology. In fact, DC counts in the peripheral blood of CML patients are significantly lower than in healthy individuals [72, 73] . Our study, which used a mouse CML model, revealed that the suppression of Irf8 by BCR-ABL is the cause of DC deficiency in CML [74] ; the forced expression of IRF8 overrides BCR-ABL to rescue DC development. Notably, the effects of IRF8 supplementation are not affected by the ABL point mutation T315I that causes resistance to tyrosine kinase inhibitor (TKI) treatment.
Moreover, BCR-ABL-expressing DCs rescued by IRF8 possess higher cytokine production and cytotoxic T cell induction capacity than normal DCs. Interestingly, this enhanced DC functionality is blocked by TKI treatment, suggesting that BCR-ABL harbors an immunostimulatory potential which would not be elicited during the natural course of CML or TKI therapy [74] . Thus, IRF8 appears to "convert" BCR-ABL from a DC suppressor to a DC activator. Therefore, the selective restoration of IRF8 may serve as a hallmark for new CML therapies that could overcome the problems associated with current TKI therapy, e.g., TKI resistance due to ABL mutations, CML recurrence after the discontinuation of TKI therapy, and immunosuppression by TKIs (Fig. 4) .
The mechanism by which BCR-ABL inhibits IRF8 gene expression then becomes an important issue. It was reported that suppressing IRF8 expression by BCR-ABL involves STAT5 and Irf8 promoter DNA methylation in primary CML cells and in BCR-ABL-positive cell lines [75, 76] . On the other hand, in another study that used BCR-ABL-transduced mouse bone marrow progenitor cells, inhibitors of either STAT5 or DNA methylation failed to rescue Irf8 expression [74] . Further investigation is required to assess whether STAT-and DNA methylationindependent mechanisms also exist.
Conclusions and perspectives
It is now clear that IRF8 regulates the development of multiple hematopoietic cell types, but then what is the common assignment for IRF8? It may be worth noting that all the cell types that require IRF8 for their development are antigen-presenting cells (APCs). DCs, monocytes, and B cells are the "professional" APCs. In addition, basophils, mast cells, and eosinophils can present antigens via MHC II when stimulated. Thus, it is tempting to speculate that a role of IRF8 common to multiple immune cell types is to generate APCs and equip these cells with antigen-presenting capabilities. Moreover, IRF8, together with the closely related IRF4, appears to confer upon DCs functional diversity, and this could be applied to other immune cell types as well.
The mechanisms of IRF8 action have also become clearer. For example, we now know that IRF8 interacts with two integral transcription factors-PU.1 and C/ EBPα-to exert the dual effects on cell differentiation (e.g., stimulatory and inhibitory, respectively). However, a number of important questions remain to be addressed. Does IRF8 have lineage-specific or differentiation stagespecific modes of action to promote differentiation? What is the mechanism by which IRF8 regulates histone modifications and chromatin remodeling? What is the more comprehensive transcriptional network around IRF8? Does IRF8 connect environmental cues and the intrinsic differentiation programs? Clarifying these and other questions would contribute to our understanding of the mechanism of leukocyte development and, ultimately, the basic principles of cell differentiation. By restoring IRF8 expression, the production of DCs is reversed (left panel). BCR-ABL promotes the functionality of DCs rescued by IRF8, which may contribute to eliciting effective anti-tumor immunity against CML cells
